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(57) ABSTRACT 

An image signal generation portion 11 generates an image 
signal of a variable frame-rate picked-up image. A signal 
generation control portion 24 drives the image signal genera 
tion portion 11 and generates image pick-up setting informa 
tion IF to generate an image signal that is frame- synchronized 
With a generated image signal DVd. The generated image 
signal DVd is output in condition Where the image pick-up 
setting information lF is inserted in it. When supplied With 
image pick-up setting information lFeX, the signal generation 
control portion 24 controls the driving operations of the 
image signal generation portion 11 based on the image pick 
up setting information lFeX, to frame-synchronize the gener 
ated image signal With an image signal of a reference variable 
frame-rate picked-up image of a source that has supplied the 
image pick-up setting information lFex. If a plurality of 
image pick-up devices capable of varying a frame rate is used, 
the image signals can be frame-synchronized With each other. 

9 Claims, 12 Drawing Sheets 
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IMAGE PICKUP APPARATUS AND 
SYNCHRONIZATION SIGNAL GENERATING 

APPARATUS 

TECHNICAL FIELD 

The present invention relates to an image pick-up device 
and a synchronization-signal-generating device. More spe 
ci?cally, it relates to supplying an image pick-up device With 
image pick-up setting information from any other image 
pick-up device or a synchronization-signal-generating 
device, to drive image signal generation means Which gener 
ates an image signal of a picked-up image With variable frame 
rate based on this image pick-up setting information, thereby 
causing the image signal generation means to generate a 
frame-synchronized image signal even if a frame rate of the 
picked-up image With variable frame rate is varied. 

BACKGROUND ART 

In conventional ?lmmaking etc., to obtain special video 
effects, scenes have been shot in condition Where a shooting 
speed of a ?lm camera, that is, the number of frames per 
second has been varied. For example, if a scene is shot at a 
higher speed than an ordinary one and reproduced at the 
ordinary speed, reproduced images are sloWly seen. There 
fore, fast motion of, for example, a Water droplet falling into 
Water can be observed easily and in detail. If a scene is shot at 
a loWer speed than the ordinary one and reproduced at the 
ordinary speed, on the other hand, reproduced images can be 
fast seen. It is thus possible to enhance a sense of speed in a 
?ght scene, a car chase scene, etc., thereby presenting images 
With an enhanced sense of reality. 

Further, in TV program making etc., While an attempt has 
been made to digitize processing of shooting, editing, deliv 
ery, etc. of a program, an attempt has also been made to 
digitize processing in ?lmmaking etc. as fueled by an increase 
in image quality and a decrease in costs caused by progress in 
digital technologies. 

It is noted that if images are to be picked up using an image 
pick-up device (video camera) due to digitization of TV pro 
gram, ?lmmaking, etc., an image pick-up device described in 
Jpn. Pat. Appln. KOKAI Publication No. 2000-125210 and 
supposed to be capable of frame rate varying is used so that 
special video effects such as fast reproduction and sloW repro 
duction can be obtained easily. By using this image pick-up 
device to pick up images at a loWer speed than a predeter 
mined frame rate and reproduce them at the predetermined 
frame rate, fast motion of the reproduced images can be 
obtained easily. By picking up the images at a higher frame 
rate and reproducing them at the predetermined frame rate, on 
the other hand, sloW motion of the reproduced images can be 
obtained easily. 

In a case Where a plurality of image pick-up devices each 
capable of varying a frame rate thereof is used to pick up 
images of a target in different directions, by synchronizing the 
frames of image signals obtained by these image pick-up 
devices With each other, it is possible to obtain a fast motion 
reproduction image or a sloW motion reproduction image that 
has the same speed and has been picked up in the plurality of 
directions. For example, if the target is shot at a higher frame 
rate and reproduced at a predetermined frame rate, it is pos 
sible to obtain a sloW motion reproduction image picked up in 
different directions in Which the target moves at the same 
speed. Therefore, by synchronizing the frames of the image 
signals obtained by the image pick-up devices With each 
other, it is possible to facilitate subsequent editing processing. 
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2 
HoWever, if the frame rates of the image pick-up devices are 
varied during image pick-up, it is almost impossible to syn 
chronize the frames of the image pick-up devices through 
user operations. 

DISCLOSURE OF THE INVENTION 

An image pick-up device according to the invention com 
prises image signal generation means for generating an image 
signal of a variable frame-rate picked-up image, drive-and 
control means for driving and controlling the image signal 
generation means, setting information generation means for 
generating image pick-up setting information to generate an 
image signal Which is frame-synchronized With the image 
signal generated by the image signal generation means, and 
output means for outputting the image signal generated by the 
image signal generation means and the image pick-up setting 
information. 

Another image pick-up device related to the present inven 
tion comprises image signal generation means for generating 
an image signal of a variable frame-rate picked-up image, and 
drive-and-control means for receiving image pick-up setting 
information to generate an image signal that is frame-syn 
chronized With the image signal of a reference variable frame 
rate picked-up image, and controlling a driving operation of 
the image signal generation means based on this image pick 
up setting information, thereby frame-synchronizing the 
image signal generated by the image signal generation means 
With the image signal of the reference variable frame-rate 
picked-up image. 

Further, a synchronization-signal-generating device 
according to the invention supplies a synchronization signal 
to an image pick-up device having image signal generation 
means for generating an image signal of a variable frame-rate 
picked-up image, the device comprising setting information 
generation means for generating image pick-up setting infor 
mation Which is used to frame-synchronize the image signal 
generated by the image signal generation means of the image 
pick-up device With a reference frame, synchronization signal 
generation means for generating the synchronization signal 
that corresponds to the reference frame, synchronization sig 
nal output means for outputting the generated synchroniza 
tion signal With the generated image pick-up setting informa 
tion being inserted there into, and control means for setting 
the reference frame. 

In the present invention, the drive-and-control means 
drives and controls the image signal generation means that 
generates an image signal of a variable frame-rate picked-up 
image. Further, the setting information generation means 
generates image pick-up information for generating an image 
signal, Which is frame-synchronized With this generated 
image signal. The generated image signal is output from the 
output means With this image pick-up setting information 
being inserted into, for example, a blanking interval of the 
generated image signal. Further, if the image pick-up setting 
information includes frame rate information, a frame rate 
indicated by the frame rate information contained in the 
image pick-up setting information is set as a frame rate of the 
variable frame-rate picked-up image, starting from its frame 
that is given ?rst after this image pick-up setting information 
is output, thereby generating the image signal. Further, When 
a frame rate is instructed according to a read frame rate 
alteration pattern to vary the frame rate of a variable frame 
rate picked-up image, information indicating the read frame 
rate alteration pattern is contained in the image pick-up set 
ting information and also the instructed frame rate is set as the 
frame rate of the variable frame-rate picked-up image, start 
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ing from its frame that is given ?rst after the image pick-up 
setting information is output, thus generating the image sig 
nal. Furthermore, if a plurality of frame rate instruction 
means is equipped for instructing a frame rate of a variable 
frame-rate picked-up image, priority sequence is set to the 
plurality of frame rate instruction means, so that When more 
than one frame rate instruction is carried out, frame rate 
instructed by the frame rate instruction means having the 
highest priority is set as the frame rate of the variable frame 
rate picked-up image. 
When the image pick-up setting information is input, based 

on this image pick-up setting information, the driving opera 
tion of image signal generation means is controlled so that the 
generated image signal can be frame-synchronized With an 
image signal of the reference variable frame-rate picked-up 
image. If this image pick-up setting information contains 
frame rate information that indicates a frame rate of the ref 
erence variable frame-rate picked-up image, a frame rate 
indicated by the frame rate information contained in the input 
image pick-up setting information is set as a frame rate of the 
variable frame-rate picked-up image, starting from its frame 
Which is given ?rst after the image pick-up setting informa 
tion is input, thus generating the image signal. Further, if the 
image pick-up setting information includes information for 
reading a frame rate alteration pattern, a frame rate instructed 
on the basis of the frame rate alteration pattern is set as the 
frame rate of the variable frame-rate picked-up image, start 
ing from its frame Which is given ?rst after the image pick-up 
setting information is input, thus generating the image signal. 
Furthermore, if priority sequence is set to a frame rate 
instructed by the frame rate instruction means and a frame 
rate based on the image pick-up setting information and When 
more than one frame rate instruction is carried out, a frame 
rate instructed by the frame rate instruction means having the 
highest priority is set as the frame rate of the variable frame 
rate picked-up image, thus generating the image signal. 

Further, in the synchroniZation-signal-generating device, 
image pick-up setting information is generated for frame 
synchroniZing the image signal generated by the image pick 
up device With the reference frame and a synchroniZation 
signal corresponding to the reference frame is generated, so 
that the generated synchronization signal is output With the 
image pick-up setting information being inserted into, for 
example, a blanking interval of the synchronization signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a diagram for shoWing a con?guration of an 
image pick-up system; 

FIG. 1B is a diagram for shoWing a con?guration of 
another image pick-up system; 

FIG. 2 is a diagram for shoWing a con?guration of an image 
pick-up device; 

FIG. 3 is a diagram for shoWing a relationship of an image 
pick-up frame rate and the number of add frames With respect 
to a variable frame rate; 

FIG. 4A is a diagram for explaining a CDR scheme; 
FIG. 4B is a diagram for explaining the CDR scheme; 
FIG. 4C is a diagram for explaining the CDR scheme; 
FIG. 5 is a diagram for shoWing a con?guration of a signal 

generation control portion; 
FIG. 6A is a diagram for shoWing one example of a count 

value of a counter; 
FIG. 6B is a diagram for shoWing another example of the 

count value of a counter; 
FIG. 6C is a diagram for shoWing further example of the 

count value of a counter; 
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4 
FIG. 6D is a diagram for shoWing still further example of 

the count value of a counter; 

FIG. 6E is a diagram for shoWing additional example of the 
count value of each counter; 

FIG. 7A is a diagram for explaining an operation of gen 
erating an image signal in a picked-up image With variable 
frame-rate; 

FIG. 7B is a diagram for explaining the operation of gen 
erating the image signal in the picked-up image With variable 
frame-rate; 

FIG. 7C is a diagram for explaining the operation of gen 
erating the image signal in the picked-up image With variable 
frame-rate; 

FIG. 7D is a diagram for explaining the operation of gen 
erating the image signal in the picked-up image With variable 
frame-rate; 

FIG. 7E is a diagram for explaining the operation of gen 
erating the image signal in the picked-up image With variable 
frame-rate; 

FIG. 7F is a diagram for explaining the operation of gen 
erating the image signal in the picked-up image With variable 
frame-rate; 

FIG. 8A is a diagram for shoWing operations of the image 
pick-up devices of a master side and a slave side; 

FIG. 8B is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 8C is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 8D is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. SE is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 8F is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 8G is a diagram for shoWing the operations of the 
image pick-up devices of a master side and a slave side; 

FIG. 8H is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 8I is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 8] is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 8K is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. SL is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. SM is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 8N is a diagram for shoWing the operations of the 
image pick-up devices of the master side and the slave side; 

FIG. 9A is a diagram for shoWing image pick-up setting 
information; 

FIG. 9B is a diagram for shoWing the image pick-up setting 
information; 

FIG. 9C is a diagram for shoWing the image pick-up setting 
information; 

FIG. 9D is a diagram for shoWing the image pick-up setting 
information; 

FIG. 10 is a diagram for shoWing a count Width of an H 

counter; 
FIG. 11 is a diagram for explaining priority sequence of 

variable frame rate setting instructions; and 
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FIG. 12 is a diagram for showing a con?guration of a 
synchronization-signal-generating device. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The following Will describe one embodiment of the present 
invention With reference to draWings. FIGS. 1A and 1B each 
shoWs a con?guration of an image pick-up system that can 
use a plurality of image pick-up devices each capable of 
varying a frame rate thereof, to frame-synchronize image 
signals generated by these image pick-up devices With each 
other, FIG. 1A of Which shoWs a case Where the system is 
constituted of a plurality of image pick-up devices 10 only 
and FIG. 1B of Which shoWs a case Where it is constituted of 
a synchronization-signal-generating device 50 and the plural 
ity of image pick-up devices 10. 

If no synchronization-signal-generating device 50 is used, 
the image pick-up devices 10 are connected as shoWn in FIG. 
1A, one of Which is set as a master side image pick-up device 
so that image signals generated by the slave-side image pick 
up devices may be frame-synchronized With an image signal 
generated by this master-side image pick-up device. If the 
synchronization-signal-generating device 50 is used, on the 
other hand, the image pick-up devices 10 are connected to the 
synchronization-signal-generating device 50 as shoWn in 
FIG. 1B, so that this synchronization-signal-generating 
device 50 may frame-synchronize the image signals gener 
ated by the image pick-up devices 10. 

FIG. 2 shoWs a con?guration of the image pick-up device 
10. On an image pick-up surface of an image pick-up element 
(not shoWn) that constitutes an image pick-up portion 111 in 
an image signal generation portion 11, an image of a subject 
is formed on the basis of light Which is made incident upon the 
surface through an image pick-up lens (not shoWn). The 
image pick-up element generates image pick-up charge for 
the image of subject through photoelectric transfer and reads 
the image pick-up charge based on a drive-and-control signal 
RC out of a later-described drive portion 117 to convert it into 
a voltage signal. Furthermore, it supplies this voltage signal 
as an image picked-up signal Spa to a pre-ampli?cation por 
tion 112. 

The pre-ampli?cation portion 112 ampli?es the picked-up 
image signal Spa and then performs processing to remove its 
noise component, for example, correlated dual sampling. Fur 
thermore, it converts the noise-removed image signal into a 
digital signal to perform feedback clamp processing on it, 
thereby generating an image signal having a desired magni 
tude at a stable black level. Furthermore, it performs ?are 
correction to correct a signal level of the image signal in 
accordance With a ?are quantity. Further, the pre-ampli?ca 
tion portion 112 performs correction-processing etc. on a 
defect of the image pick-up element. The processing by this 
pre-ampli?cation portion 112 is performed on the basis of a 
synchronization signal SYe supplied from the drive portion 
117, to supply a post-processing image signal DVa together 
With a synchronization signal for this image signal DVa, to a 
preprocessing portion 113. It is to be noted that, also at the 
preprocessing portion 113 as Well as later-described frame 
addition-processing portion 114, main-line-picture-process 
ing portion 115, and monitor-picture-processing portion 116, 
their processing is performed on the basis of each synchroni 
zation signal (not shoWn) Which is supplied together With 
each image signal, and each post-processing image signal 
together With each synchronization signal for the image sig 
nal are supplied to their folloWing processing portions. 
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6 
The preprocessing portion 113 uses the image signal DVa 

to perform signal processing operations, for example, White 
balance adjustment, gain correction, White shading correc 
tion, etc. An image signal DVb obtained by this preprocessing 
portion 113 is supplied to the frame-addition-processing por 
tion 114. The signal processing operation to be performed at 
the preprocessing portion 113 is set on the basis of a control 
signal CTa supplied from an operation control portion 30, 
Which Will be described later. Further, When the signal pro 
cessing operation is changed by using the control signal CTa 
from the operation control portion 30, using a decision signal 
DF supplied from a later-described signal generation control 
portion 24, this change is re?ected after a frame addition 
period ends at the frame-addition-processing portion 114. 
The frame-addition-processing portion 114 performs 

frame addition processing on the image signal DVb to vary a 
frame rate of the image signal DVb. This frame addition 
processing can be performed using a random access memory 
(RAM). For example, to perform 3-frame addition, a ?rst 
frame of the image signal DVb is stored in an RAM-1, the 
signal stored in Which is read and added to a second frame of 
the image signal DVb and stored in an RAM-2. The sum 
signal stored in this RAM-2 is read and added to a third frame 
of the image signal DVb and stored in an RAM-3. The signal 
stored in this RAM-3 thus makes a sum of the three frames of 
the image signal DVb, so that by reading this signal and 
multiplying its signal level by (1/3), a required signal level is 
obtained. Further, a fourth frame of the image signal DVb is 
stored in the RAM-1, the signal stored in Which is read and 
added to a ?fth frame of the image signal DVb and stored in 
the RAM-2. The sum signal stored in the RAM-2 is read and 
added to a sixth frame of the image signal DVb and stored in 
the RAM-3. The signal stored in this RAM-3 thus makes a 
sum of the three frames of the image signal DVb, so that by 
reading this signal and multiplying its signal level by (1/3), a 
required signal level is obtained. Similarly, subsequent three 
frames of the image signal DVb are added up to sequentially 
generate an image signal DVc having a required signal level. 

It is to be noted that the frame addition processing can be 
performed also using a frame delay circuit. For example, the 
?rst frame of the image signal DVb is delayed by tWo-frame 
period through the frame delay circuit and the second frame 
of the image signal DVb is delayed by one frame period 
through the frame delay circuit. These delayed ?rst frame of 
the image signal and second frame of the image signal DVb 
are added to the third frame of the image signal DVb to obtain 
a sum of the three frame of the image signal DVb, a signal 
level of Which is multiplied by (1/3) as described above to 
obtain an image signal DVc having a required signal level and 
an original frame rate multiplied by (1/3). 
By thus performing the frame addition processing, for 

example, if a frame rate of the image signal DVb is “60 P” 
(Where the numeral indicates the number of frames per sec 
ond and P stands for progressive signal, Which holds true also 
With the other cases) and the number of added frames is tWo, 
an image signal having a frame rate of “30 P” can be obtained. 
If the number of added frames is four, an image signal having 
a frame rate of “15 P” can be obtained. 

Furthermore, not only by sWitching the number of added 
frames but also by controlling signal reading from the image 
pick-up element so that the frame rate of the picked-up image 
signal Spa can vary, the frame rate of the image signal DVc 
can be varied continuously. 
The image signal DVc of a variable frame-rate picked-up 

image obtained at the frame-addition-processing portion 114 
is supplied to the main-line-picture-processing portion 115 
and the monitor-picture-processing portion 116. 
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The main-line-picture-processing portion 115 performs 
process treatment such as y correction (gamma correction), 
pro?le compensation processing, and Knee correction, on the 
image signal DVc supplied from the frame-addition-process 
ing portion 114. An image signal DVd obtained by perform 
ing the processing at this main-line-picture-processing por 
tion 115 is supplied to a main line picture output portion 15. 

The monitor-picture-processing portion 116 performs pro 
cess treatment in accordance With an image display device 
connected for con?rmation of picked-up images. For 
example, if an image is displayed using a cathode ray tube or 
a liquid crystal display element for con?rmation of picked-up 
images, it performs process treatment in accordance With y 
characteristics, gray-scale display characteristics, etc. of the 
cathode ray tube or the liquid crystal display element. An 
image signal DVe obtained by performing the processing at 
this monitor-picture-processing portion 116 is supplied to a 
monitor picture output portion 16. It is to be noted that pro 
cess treatment operations by the main-line-picture-process 
ing portion 115 and the monitor-picture-processing portion 
116 are controlled on the basis of a control signal CTb from 
the operation control portion 30. 

The main line picture output portion 15 converts the sup 
plied image signal DVd into a signal that matches recording 
equipment etc. connected to this image pick-up device 10 and 
outputs it as a signal CAM. For example, if equipment that 
uses a component signal or a composite signal is connected to 
the pick-up device, it outputs the image signal DVd as a signal 
CAM that matches respective pieces of equipment. Further, if 
the image signal is transmitted via a serial digital interface 
etc. Which is standardized as SMPTE259M or SMPTE292M, 
it generates a transmission signal in accordance With the 
interface standard on the basis of the image signal DVd and 
outputs it as the signal CAM. Further, if supplied With image 
pick-up setting information IF from a signal generation con 
trol portion 24, Which Will be described later, this image 
pick-up setting information IF is output With it being inserted 
into the signal CAM. For example, the image pick-up setting 
information IF is output With it being inserted into a blanking 
interval of the signal CAM. Furthermore, the main line pic 
ture output portion 15 supplies a synchronization signal 
SYout for the image signal DVd to a phase comparison por 
tion 22 and the signal generation control portion 24. 

The monitor picture output portion 16 converts the sup 
plied image signal DVe into a signal MNT that matches an 
image display device for con?rmation of picked-up images 
and outputs it. For example, if the image display device uses 
an analog signal, it converts the image signal DVe into an 
analog signal, Which is then output as a signal MNT. 

It is to be noted that by changing over a frame rate (here 
inafter referred to as “image pick-up frame rate”) FRp of the 
image picked-up signal Spa generated by the image pick-up 
portion 11 1 and the number of added frames FA by the frame 
addition-processing portion 114, it is possible to continu 
ously vary a frame rate (hereinafter referred to as “variable 
frame rate”) FRc of a variable frame-rate picked-up image. 
For example, as shoWn in FIG. 3, to set the variable frame rate 
FRc into a range of “60 P§FRc>30 P”, the number of added 
frames FA can be set to “ l ” and the image pick-up frame rate 
FRp can be equalized to the variable frame rate FRc. To set the 
variable frame rate FRc into a range of “30 P§FRc>20 P”, the 
number of added frames FA can be set to “2” and the image 
pick-up frame rate FRp can be set to double the variable frame 
rate FRc. To set the variable frame rate FRc into a range of “20 
P§FRc>l5 P”, the number of added frames FA can be set to 
“3” and the image pick-up frame rate FRp can be set to triple 
the variable frame rate FRc. By similarly changing over the 
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8 
image pick-up frame rate FRp and the number of added 
frames FA, it is possible to obtain a desired frame rate of the 
image signal of a variable frame-rate picked-up image. 

To vary the frame rate of the image picked-up signal Spa, 
controlling a charge accumulation period and an image pick 
up charge read timing, etc. at the image pick-up element using 
the drive-and-control signal RC supplied from the drive por 
tion 117 to the image pick-up portion 111 alloWs the image 
picked-up signal Spa With the varied frame rate to be 
obtained. Furthermore, by varying the image pick-up frame 
rate FRp by adjusting a length of horizontal or vertical blank 
ing interval on the assumption that the common data rate 
scheme (CDR: common sampling frequency scheme) is used, 
it is possible to generate such an image picked-up signal Spa 
that an image size in a valid screen period does not change 
even if the image pick-up frame rate FRp is varied. Further, by 
using the CDR scheme, it becomes unnecessary to vary an 
operating frequency of each of the components that use the 
image pick-up frame rate FRp in accordance With the image 
pick-up frame rate FRp, thereby simplifying the con?gura 
tion thereof. 

According to the CDR scheme, by adjusting a length of the 
horizontal blanking interval as shoWn in FIG. 4B or adjusting 
a length of the vertical blanking interval as shoWn in FIG. 4C 
With respect to such an image signal that the blanking interval 
and the valid screen periods are set as shoWn in FIG. 4A, it is 
possible to generate the image picked-up signal Spa having 
the varied image pick-up frame rate FRp Without changing 
any image size in the valid screen periods. 
A synchronization-separating-processing portion 21 

shoWn in FIG. 2, When supplied With an image signal of a 
reference variable frame-rate picked-up image having a syn 
chronization signal SYref Which corresponds to the reference 
frame from the synchronization-signal-generating device 50 
or a synchronization signal SYref from any other image pick 
up devices 10, separates a horizontal synchronization signal 
HDref from the synchronization signal SYref and supplies it 
to the phase comparison portion 22. Furthermore, if the sup 
plied signal contains image pick-up setting information IFex, 
it extracts the image pick-up setting information IFex and 
supplies the information to the signal generation control por 
tion 24 and the operation control portion 30. Furthermore, it 
generates an information latch signal LCifex for latching a 
count value contained in the image pick-up setting informa 
tion IFex. This image pick-up setting information IFex is used 
to frame-synchronize an image signal generated by the image 
pick-up device that is supplied With the image pick-up setting 
information IFex With an image signal of a reference variable 
frame-rate picked-up image generated by the image pick-up 
device Which supplies the image pick-up setting information 
IFex or a reference frame set by the synchronization-signal 
generating device 50. 
The phase comparison portion 22 determines a difference 

in phase betWeen a horizontal synchronization signal HDout 
contained in the synchronization signal SYout supplied from 
the main line picture output portion 15 and the horizontal 
synchronization signal HDref supplied from the synchroni 
zation-separating-processing portion 21, to control a fre 
quency of an oscillated signal MC generated by a voltage 
controlled oscillator (V CO) 23 so that this phase difference 
may be nil. It is to be noted that if the horizontal synchroni 
zation signal HDref is not supplied from the synchronization 
separating-processing portion 21, the VCO 23 is permitted to 
run for itself. 
The signal generation control portion 24, Which serves as 

drive-and-control means and setting information generation 
means, uses the oscillated signal MC generated by the VCO 
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23, to count based on counter setting information STc sup 
plied from the operation control portion 30. It further utilizes 
a count result to generate a timing signal PT and a synchro 
nization signal SYd for driving the image pick-up portion 111 
and supply them to the drive portion 117. It is to be noted that 
if the synchronization signal SYref is supplied, it is possible 
to generate the synchronization signal SYd in such a manner 
that it may go ahead of the synchronization signal SYref by as 
much as a difference in phase betWeen the synchronization 
signals SYout and SYd, thereby synchronizing the synchro 
nization signal SYout With the synchronization signal SYref. 

Furthermore, the signal generation control portion 24 gen 
erates a pulse signal CRW for controlling, for example, Writ 
ing of an image signal to and reading of it from the RAM so 
that the frame-addition-processing portion 114 can add the 
image signal DVb as much as the number of added frames in 
order to obtain the image signal DVc. Further, When frame 
addition processing is performed in the frame-addition-pro 
cessing portion 114, it generates such a decision signal DF as 
to indicate a relevant frame addition period and supplies the 
signal to the preprocessing portion 113. 
By thus generating the timing signal PT and the synchro 

nization signal SYd and supplying them to the drive portion 
117 and also generating the pulse signal CRW and supplying 
it to the frame-addition-processing portion 1 14, the frame rate 
FRp of the image picked-up signal Spa and the frame addition 
processing are controlled so that an image signal of the vari 
able frame-rate picked-up image generated by the image sig 
nal generation portion 11 may have a frame rate set by the 
operation control portion 30. 

Further, if the image pick-up device is set as a master side 
one, the signal generation control portion 24 uses an image 
signal of a variable frame-rate picked-up image generated by 
this master side image pick-up device as an image signal of a 
reference variable frame-rate picked-up image to generate the 
image pick-up setting information IF for causing a slave side 
image pick-up device to generate an image signal Which is 
frame-synchronized With this image signal and supply this 
image pick-up setting information IF to the main line picture 
output portion 15. This image pick-up setting information IF 
is generated by using a count value obtained through counting 
and frame rate setting information SFR supplied from the 
operation control portion 30. 

If the image pick-up device is set as a slave side image 
pick-up device and the image pick-up setting information 
IFex is supplied from a master side image pick-up device, on 
the other hand, the timing signal PT, the pulse signal CRW, 
etc. are generated on the basis of this image pick-up setting 
information IFex to cause the main line picture output portion 
15 to output an image signal Which is frame-synchronized 
With an image signal of a reference variable frame-rate 
picked-up image generated by the master side image pick-up 
device. 

FIG. 5 shoWs a con?guration of the signal generation con 
trol portion. The counter setting information STc supplied 
from the operation control portion 30 is supplied to a counter 
setting latch portion 241. The frame rate setting information 
SFR supplied from the operation control portion 30, on the 
other hand, is supplied to an image pick-up setting informa 
tion latch portion 248. 

The counter setting latch portion 241 latches the counter 
setting information STc based on a setting latch signal LCa 
supplied from a latch signal generation portion 247, Which 
Will be described later. To this counter setting latch portion 
241, an H counter 242, a V counter 243, an added frame 
counter 244, an image pick-up frame counter 245, and an 
output frame counter 246 are connected. The counter setting 
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10 
information STc is comprised of setting information that sets 
a count Width of each of the counters, to set each counter’s 
count Width based on the latched counter setting information 
STc. 
The H counter 242 counts the number of horizontal pixels 

based on the oscillated signal MC supplied from the VCO23 
and supplies a count value Hct to the image pick-up setting 
information latch portion 248 and a pulse signal generation 
portion 249. Further, the H counter 242 has its count Width set 
to the number of horizontal pixels for one horizontal scan 
period based on the counter setting information STc and, 
upon completion of counting of the horizontal pixels for one 
horizontal scan period, resets the count value Hct and sup 
plies the V counter 243 With a signal HP indicating that the 
one horizontal scan period has ended. 
TheV counter 243 counts the number of scan lines by using 

the signal HP and supplies a count value Vct to the image 
pick-up setting information latch portion 248 and the pulse 
signal generation portion 249. Further, the V counter 243 has 
its count Width set to the number of scan lines for one frame 
period based on the counter setting information STc and, 
upon completion of counting of the scan lines for one frame 
period, resets the count value Vct and supplies a signal VP 
indicating that the one frame period has ended, to the added 
frame counter 244, the image pick-up frame counter 245, and 
the latch signal generation portion 247. 
The added frame counter 244 counts the number of image 

picked-up frames by using the signal VP and supplies a count 
value Fmct to the image pick-up setting information latch 
portion 248 and the pulse signal generation portion 249. 
Further, the added frame counter 244 has its count Width set to 
the number of added frames based on the counter setting 
information STc and, upon completion of counting of frames 
for the number of added frames FA, resets the count value 
Fmct and supplies a signal FMP indicating that the one addi 
tion period has ended, to the output frame counter 246 and the 
latch signal generation portion 247. 
The image pick-up frame counter 245 counts image 

picked-up frames by using the signal VP. The image pick-up 
frame counter 245 has its count Width set to a value of the 
image pick-up frame rate FRp based on the counter setting 
information STc and, upon completion of counting of frames 
for the image pick-up frame rate FRp, resets the count value 
Fpct and supplies the output frame counter 246 With a signal 
FPP indicating that a period for the image pick-up frame rate 
FRp has ended. 
The output frame counter 246 counts the number of times 

the addition period has been encountered by using the signal 
FMP and, When it has decided on the basis of the signal FPP 
that a period for the image pick-up frame rate FRp has ended, 
resets the count values and outputs a count reset signal RES 
that resets the count values of the other counters. 

The latch signal generation portion 247, based on the sig 
nals VP and FMP and at timing When frames for one addition 
period end, generates the setting latch signal LCa that causes 
the counter setting latch portion 241 to latch the counter 
setting information STc. 
The image pick-up setting information latch portion 248 

generates an information latch signal LCif (not shoWn) and, at 
latch timing indicated by this information latch signal LCif, 
latches the count values Hct, Vct, and Fmct and the frame rate 
setting information SFR and supplies them as the image pick 
up setting information IF in a predetermined format to the 
main line picture output portion 15. For example, the infor 
mation latch information LCif is generated With ID respect to 
the synchronization signal SYout, to generate the image pick 
up setting information IF and supply it to the main line picture 
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output portion 15 so that the image pick-up setting inforrna 
tion IF may be inserted to a predetermined position in the 
blanking interval. By thus determining the insertion position 
of the image pick-up setting information IF, the image pick 
up setting information IF can be easily extracted from the 
signal CAM. 
The pulse signal generation portion 249 generates the tim 

ing signal PT, the synchronization signal SYd, the pulse sig 
nal CRW, and the decision signal DF based on the count 
values Hct, Vct, and Fmct and the oscillated signal MC. 
A count latch portion 250, When supplied With the image 

pick-up setting information IFex from the synchronization 
separating-processing portion 21, latches count values Hctex 
and Vctex contained in the image pick-up setting information 
IFex and resets a count value of the H counter 242 and that of 
the V counter 243 to the count values Hctex and Vctex, 
respectively. This count latch portion 250 latches them at 
timing of inserting the image pick-up setting information 
IFex to the position, based on the information latch signal 
LCifex. 

Further, if the timing When the count values Hct and Vct are 
latched so that the master side image pick-up device may 
generate the image pick-up setting information IF does not 
agree With the timing When the slave side image pick-up 
device resets the H counter 242 and the V counter 243 to the 
count values Hctex and Vctex, respectively, that is, if these 
timings do not agree because of a lapse of time required by 
formatting or decoding of the image pick-up setting inforrna 
tion IF, count values Hexct and Vexct are offset by as much as 
a difference in timing phase and supplied to the H counter 242 
and the V counter 243, respectively. Thus, offsetting the count 
values Hexct andVexct by as much as the difference in timing 
phase alloWs the H counter 242 and the V counter 243 of the 
slave side image pick-up device to be synchronized With the 
H counter 242 and theV counter 243 of the master side image 
pick-up device. 

FIGS. 6A-6E each shoW one example of a count value of 
each counter in the signal generation control portion. If the 
variable frame rate FRc is set to “18 P”, the number of added 
frames FA is “3” and the image pick-up frame rate FRp is “54 
P” as shoWn in FIG. 3. Therefore, the count value Fpct repeats 
itself in a range of “0-53”, the count value Fmct repeats itself 
in a range of “0-2” and a count value Rct repeats itself in a 
range of “0-17”. Further, if the number of pixels per line is 
2200 and the number of scan lines is l 125, the count valueVct 
repeats itself in a range of “0-1124”. Furthermore, When the 
length of a horizontal blanking interval is adjusted in accor 
dance With the CDR scheme, the count value Hct repeats itself 
in a range of “0-2439”, Which is larger than the number of 
pixels, so that the image pick-up frame rate FRp may be “54 
P”. 

The drive portion 117 shoWn in FIG. 2 generates the drive 
and-control signal RC for driving the image pick-up element 
and supplies it to the image pick-up portion 111 based on the 
synchronization signal SYd thus supplied. Further, driving 
the image pick-up element based on the timing signal PT in 
accordance With the CDR scheme alloWs the frame rate of the 
image picked-up signal Spa to vary. Furthermore, the syn 
chronization signal SYe for the image picked-up signal Spa is 
generated and supplied to the pre-ampli?cation portion 112. 

To the operation control portion 30, a user interface portion 
31 is connected. When supplied With an operation signal PSa 
in accordance With a user operation through this user interface 
portion 31, the operation control portion 30 generates the 
control signals CTa and CTb based on this operation signal 
PSa, to control operations of the preprocessing portion 113, 
the main-line-picture-processing portion 115, and the moni 
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12 
tor-picture-processing portion 116. Further, it supplies the 
counter setting information STc to the signal generation con 
trol portion 24 to control counting so that the image signal 
DVc having a desired frame rate may be generated. Further 
more, it supplies the frame rate setting information SFR to the 
signal generation control portion 24. Further, When supplied 
With the image pick-up setting information IFex from the 
synchronization-separating-processing portion 21, it gener 
ates the counter setting information STc based on this image 
pick-up setting information IFex. 

Further, the image pick-up device 10 can insert the image 
pick-up setting information IFex supplied to itself into a 
blanking interval of the signal CAM and supply it to the 
subsequent-stage image pick-up device or supply the syn 
chronization signal SYref supplied to itself to the subsequent 
stage image pick-up device, thereby easily generating such an 
image signal as to have been frame-synchronized among the 
image pick-up devices even if the plurality of image pick-up 
devices is connected in a daisy chain. 

Next, the folloWing Will describe operations for generating 
an image signal of a variable frame-rate picked-up image in 
the image pick-up device. FIGS. 7A-7F shoW a case Where the 
frame-addition-processing portion 114 performs frame addi 
tion processing by using RAM-1 through RAM-3, an adder, 
etc. For example, if the variable frame rate FRc is “ l 8 P”, the 
variable frame rate FRp is “54 P” and the number of added 
frames FA is “3” from FIG. 3. It is to be noted that FIG. 7A 
shoWs a frame of the image signal DVb, FIG. 7B shoWs an 
operation of RAM-1 in the frame-addition-processing por 
tion 114, FIG. 7C shoWs an operation of RAM-2 therein, FIG. 
7D shoWs an operation of RAM-3 therein, and FIG. 7E shoWs 
a frame of the image signal DVc. 
At time point t1, When frame “0f” of the image signal DVb 

starts, the frame-addition-processing portion 114 sets, for 
example, RAM-1 as a Write RAM and stores the image signal 
DVa of frame “0f” in the Write RAM. 
At time point t2, When a frame of the image signal DVc 

starts, three frames of the image signal are not completely 
added up yet, so that the image signal DVc is rendered as a 
blank frame. 

At time point t3, When frame “0f” of the image signal DVb 
ends and frame “If” starts, RAM-1 Where the image signal of 
frame “0f” is stored is speci?ed as an internal read RAM and 
the Write RAM is changed over from RAM-1 to, for example, 
RAM-2. Furthermore, the signal stored in the internal read 
RAM, that is, the signal of frame “0f” stored in RAM-1 is read 
and added to the image signal DVa of frame “ l f’ by the adder 
and stored in RAM-2, Which is the Write RAM. 
At time point t4, When frame “If” of the image signal DVb 

ends and frame “2f” starts, to generate a three-frame addition 
signal, RAM-2 in Which the sum signal of frames “0f” and 
“If” is Written is speci?ed as the internal read RAM. Further, 
the Write RAM is changed over from RAM-2 to, for example, 
RAM-3. Furthermore, the signal stored in the internal read 
RAM, that is, the signal stored in RAM-2 is read and added to 
the image signal DVb of frame “2f” by the adder and stored in 
the RAM-3, Which is the Write RAM. 

At time point t5, When frame “2f” of the image signal DVb 
ends and frame “3f” starts, the three-frame addition signal 
obtained by adding up three frames of the image signal DVb 
is generated completely, so that the RAM-3 in Which this 
three-frame addition signal is stored is speci?ed as an external 
read RAM. Further, RAM-1 is set as the Write RAM, to store 
the image signal DVa of frame “3f” in the Write RAM. 
When the three-frame addition signal is generated and then 

a frame of the image signal DVc is timed to start, for example, 
at time point t6 When the frame of the image signal DVc starts, 














